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INTRODUCTION
Human xanthine oxidase (XO) and aldehyde oxidase (AO) are two closely related molybdoflavoenzymes that share a remarkable degree of amino acid sequence identity, require the same cofactors (Garattini et al., 2003) and appear to share a similar mechanism (Alfaro and Jones, 2008) . Despite their similarities, each enzyme is thought to have distinct substrate specificities with AO being much more promiscuous (Garattini and Terao, 2012) . In the field of drug metabolism in particular, AO has burgeoned as an important enzyme primarily for its ability to oxidize a number of azaheterocyle containing drugs (Pryde et al., 2010) . A number of drugs candidates were also recently discontinued in early clinical studies either because of low bioavailability or toxicity attributed to rapid AO metabolism (Hutzler et al., 2013) . In contrast, XO drug substrates have rarely been noted in recent literature. For many years, allopurinol (Elion et al., 1966) , and 6-mercaptopurine (Rashidi et al., 2007) have remained the major XO substrates of clinical significance.
To distinguish between XO and AO metabolic activity for a new chemical entity in vitro, selective chemical inhibition experiments are typically used (Hutzler et al., 2013) . Most commonly, allopurinol is used to selectively inhibit XO (Panoutsopoulos et al., 2004) , and menadione is used to target AO activity (Pryde et al., 2010) . Recently, hydralazine has also been suggested as a potent and highly selective AO inhibitor (Strelevitz et al., 2012) . These inhibition experiments are most often performed with human liver
injury is a phenomenon that results from oxidative damage that occurs to the tissue when the blood supply returns to the liver after a period of ischemia (Mendes-Braz et al., 2012) . Additives in the perfusion solution can mitigate the damage caused by these deleterious oxidative processes. Since the late 1980s, the gold standard perfusion solution has been University of Wisconsin (UW) solution (Mühlbacher et al., 1999; Feng et al., 2007) . Despite other alternative solutions, UW solution has continued to be the most commonly used preservation solution in liver transplantation surgery (Watson and Dark, 2012) . UW solution is principally composed of potassium, lactobionate, and hydroxyethyl starch, but also contains 1 mM of allopurinol (Janssen et al., 2004) which is of primary concern to the present study.
Due to the possibility that livers may be exposed to high amounts of allopurinol (AP) during the harvesting process, and the fact that AP is a potent XO inhibitor, the question was raised: does the method of liver harvesting have an impact on in vitro XO enzymatic activity? The goal of this study was to answer the aforementioned question, thereby documenting the presence of residual AP within the cytosol as well any effect of using a solution containing AP in the liver harvesting process on both XO and AO activity. Herein, the activity differences were evaluated in human cytosol prepared from liver tissue harvested in three different ways: full hepatectomy with UW perfusion solution present, full hepatectomy with a perfusion solution not containing AP, and partial hepatectomy (resection).
and centrifuged at 120,000 x g for 70 min at 4 °C. The cytosol (supernatant) was removed, transferred into 1.5 mL storage tubes and stored at -80°C.
Enzyme Activity Assays. All assays were performed in 25mM potassium phosphate buffer, pH 7.4 in a shaking water bath incubator at 37 °C. All substrate stocks were made in DMSO, and diluted such that the final concentration of DMSO did not exceed 1% v/v. All reactions were stopped by the addition of a solution composed of 1 M formic acid and a known concentration of IS. Incubations were performed as described below and immediately analyzed by LC-MS/MS.
Determination of XO activity.
A final concentration of 1 mg/ml protein was used in all incubations. In the 6-mercaptopurine assay, the incubation was performed for 60 minutes with 100 µM substrate. Activity was quantified by monitoring the formation of the metabolite, 6-thiouric acid. For 6-nitroquinazolinone, the incubation was performed for 10 minutes with 20 µM substrate. Activity was quantified by monitoring the formation of the metabolite, 6-nitroquinazolinedione.
Determination of AO activity.
A final protein concentration ranging between 0.15-0.66 mg/ml was used.
Preliminary experiments showed that product formation was linear with respect to protein concentration within the range used in these activity experiments. The incubation was performed for 10 minutes with 100 µM substrate (DACA). DACA activity was quantified by monitoring the formation of the metabolite, DACA acridone. column (4.6 X 150 mm, 5µM; Agilent, Santa Clara, CA). Using a flow rate of 800 µL/min, the column was equilibrated at initial conditions of 99% mobile phase A for 2.5 min. Chromatographic separation was performed using a linear gradient over the next 17.5 min to 5% mobile phase A, and was held at 5%
A for 1 minute. Over the next minute, mobile phase A was ramped back to 99 % and then held constant for a re-equilibration time of 3 min. The total chromatographic assay time was 25 min per sample, and the retention times for allopurinol, oxypurinol, and 2-methyl-4(3H)-quinazolinone (IS) were 4.2, 4.9, and 8.5
minutes, respectively. The MRM m/z transition monitored for allopurinol, oxypurinol, and 2-methyl- the measured values were compared (Supplemental Figure 2) . A total of 7 points was used for allopurinol and 8 points for oxypurinol. The concentration range for each analyte covered the minimum and
maximum concentration values for any tested HLC in this study.
Detection of 6-thiouricacid. Chromatography was performed on a Zorbax Eclipse XDB-C8 column (4.6 X 150 mm, 5µM; Agilent, Santa Clara, CA). Using a flow rate of 800 µL/min, the column was equilibrated at initial conditions of 99% mobile phase A for 3 min. Chromatographic separation was performed using a linear gradient over the next 1.5 min to 25% mobile phase A, and was held at 25% A for 1.5 minutes. Over the next minute, mobile phase A was ramped back to 99% and then held constant for a re-equilibration time of 1 min. The total chromatographic assay time was 8 min per sample, and the retention times for 6-thiouric acid and 3,5-dibromo-4-hydroxybenzoic acid (IS) were 4.3 and 6.8 minutes,
respectively. The MRM m/z transitions monitored for 6-thiouric acid and 3,5-dibromo-4-hydroxybenzoic acid (IS) were 183.0 140.2 and 294.8 251.0, respectively. Quantitation was achieved by extrapolating from a standard curve of authentic 6-thiouric acid using a concentration range of 0.2 to 10 µM. The method detection limit for 6-thiouric acid was determined to be 0.140 µM.
Detection of 6-nitroquinazolinedione. Chromatography was performed on a Synergi Polar reverse-phase column (30 X 3.0 mm, 4 µm; Phenomenex, Torrance, CA). Using a flow rate of 800 µL/min, the column was equilibrated at initial conditions of 95% mobile phase A for 0.3 min. Chromatographic separation was performed using a linear gradient over the next 2.2 min to 25% mobile phase A, and was held at 25%
A for 0.5 minutes. Over the next 1.5 minutes, mobile phase A was ramped back to 95 % and then held constant for a re-equilibration time of 1 min. The total chromatographic assay time was 4.5 min per sample, and the retention times for 6-nitroquinazolinedione and 2-methyl-4(3H)-quinazolinone (IS) were concentration range of 1 to 25 µM. The method detection limit for 6-nitroquinazolinedione was determined to be 0.85 µM.
Detection of DACA acridone metabolite. LC-MS/MS conditions were performed as described previously (Barr and Jones, 2013) .
Determination of Method Detection Limit.
For calculating MDL, a repeat injection approach was used as described previously (Wells et al., 2011; Barr et al., 2013) . In short, a concentration of each authentic analyte that produced a signal approximately 5-10 times the noise was chosen. Each standard was injected onto the column a total of 5 times and the peak areas were determined. The MDL was calculated using the following formula:
is equal to the standard deviation of the mean for peak area and T α is the value chosen from a t- 
RESULTS AND DISCUSSION
To ascertain any differences between liver harvesting conditions, each individual cytosol sample was first screened for residual AP, and its primary metabolite, oxypurinol. Due to the complexity of the sample matrix, contaminate peaks were observed. This was particularly an issue for oxypurinol because contaminate peaks with a similar retention time to the analyte were seen for some samples. To overcome this and ensure the validity of the results, each sample was spiked with a known concentration of heavy isotope labeled oxypurinol (oxypurinol-13 C 15 N 2 ). Supplemental Figure 1 shows the peaks observed for oxypurinol and oxypurinol-13 C 15 N 2 as well as typical contaminate peaks. For the determination of oxypurinol in each sample, it was ensured that the peak retention time matched exactly with the heavy isotope labeled standard. The method was further validated by generating a quality control curve for both analytes in which a known amount of AP and oxypurinol were added into a blank cytosol matrix (Supplemental Figure 2) . Table 1 shows the amount of AP and oxypurinol found in each sample of HLC. As indicated on the table, the leftmost group originated from donor livers that were harvested via a full hepatectomy and perfused with a solution that did not contain AP (Group 1). The center group of livers were harvested via full hepatectomy and perfused with UW solution containing 1mM AP (Group 2). The group of liver samples on the right was obtained from partial hepatectomies (resections) (Group 3). For the livers in group 1, no AP or oxypurinol was detected. Two of the five livers from Group 2 contained a varied amount of residual AP, whereas all 5 had detectable amounts of oxypurinol. Of the livers in Group 3, eight out of ten showed no trace of residual AP or oxypurinol. Interestingly, two livers from the resected group (344 and 947) did show a residual amount of oxypurinol. When the origins of these two liver samples were thoroughly investigated, it was found that they were flushed with UW solution and shipped on ice prior to being frozen. This exposure to UW solution clearly explains why oxypurinol was detected in these two samples.
This article has not been copyedited and formatted. The final version may differ from this version. It is worth noting that oxypurinol concentrations were found at much higher levels than AP itself. Also, AP was not observed in all livers that were perfused with UW solution whereas in all cases oxypurinol was observed. This is likely a result of metabolism that is occurring throughout the processing time of the cytosol prior to being frozen. Because oxypurinol is a product of AP metabolism, the formation of oxypurinol is dependent on the time in which the liver was exposed to AP. Therefore, variable handling time may explain the large variation in oxypurinol concentration observed between AP dosed livers.
Once the presence or absence of AP and oxypurinol in certain liver cytosol batches was established, the possible effect this had on XO enzymatic activity was evaluated. Two compounds were chosen as selective XO substrates (Scheme 1). The first, 6-mercaptopurine (6-MP), is metabolized in two steps to 6-thiouricacid (Kalra et al., 2007; Rashidi et al., 2007) . The second probe, 6-nitroquinazolinone (6-NO 2 Q), is a known substrate for XO (Skibo et al., 1987) but not for AO (Alfaro et al., 2009) . Figure 1 shows the results of activity screening for human livers that were procured in three different ways, again with groups 1-3. From these results, it is clear that the presence of AP in the administered perfusion solution has a marked impact on XO activity. In every case when livers were perfused with an AP-containing solution prior to harvest, XO activity was not observed. In contrast, XO activity was observed in every case where the liver was perfused with a solution that did not contain AP. Not surprisingly, XO activity was also observed in all of the resected livers except the two that had residual amounts of AP and oxypurinol present. Without exception, the presence of oxypurinol in the cytosol was an indicator of an absence of XO activity. Interestingly, the lack of XO activity was not dependent at all on the concentration of AP or oxypurinol. This is likely because AP and oxypurinol are also a known time dependent inactivators of XO (Elion, 1966; Massey et al., 1970) , and thus exposure time during liver processing may eradicate all XO activity even at relatively low concentrations (Scheme 2).
This article has not been copyedited and formatted. The final version may differ from this version. The impact of liver harvesting conditions on AO activity was also examined. Using the probe substrate DACA (Schofield et al., 2000; Barr and Jones, 2013) , each liver was screened for enzymatic activity. AO activity was observed for livers in all three groups, and the presence of AP and oxypurinol appeared to have no observable effect (Figure 1 ). To confirm this, an IC 50 inhibition assay was performed with AP and oxypurinol (Supplemental Figure 3) . For both compounds, the IC 50 exceeded 1 mM, an amount that is far greater than any residual amount of AP or oxypurinol in the cytosol. From these results, it is clear that AO activity is not affected by AP or oxypurinol.
Similar to the cases of individual donors that were perfused with AP, commercial pooled HLC did contain residual oxypurinol (Table 1) , and, not surprisingly, XO activity was not observed (data not shown). As discussed in the introductory section, accurate knowledge of XO activity towards new chemical entities is largely dependent on selective chemical inhibition experiments using commercial HLC as the enzyme source. Adding AP to cytosol that is already devoid of any XO activity would obviously have no effect, and thus the experimenter may erroneously draw the conclusion that XO has no role in metabolism of the tested compound. Therefore, it is certainly possible that some compounds may have been overlooked as potential XO substrates using the standard in vitro selective chemical inhibition approaches. In the future, it is recommended that batches of cytosol be screened for AP and oxypurinol prior to testing for XO activity. Also, testing each batch for XO activity using a known active substrate such as 6-MP would be advisable. Due to variability in liver sources, it is possible that variation in AP and oxypurinol concentrations as well as XO activity would be observed between different cytosol vendors and possibly even within different batches from the same vendor. In addition, it seems likely that the presence of AP during liver harvest would also impact XO activity in other in vitro systems, including liver S9 and hepatocytes.
This article has not been copyedited and formatted. The final version may differ from this version. In conclusion, three groups of individual donor livers, procured in different ways, were examined for residual oxypurinol and AP concentration and presence of XO and AO enzymatic activity. The presence of residual AP (some) and oxypurinol (all) was observed in human liver cytosol preparations that had been perfused with UW solution. In every case where oxypurinol was detected, XO activity was not observed. In contrast, the presence of AP and oxypurinol did not appear to impact AO activity. This was supported by the fact that AP and oxypurinol inhibited AO activity with IC 50 values that exceeded 1mM.
Commercial pooled HLC also contained residual oxypurinol and did not show any XO activity. In the future, it is recommended that each HLC batch is screened for oxypurinol and/or XO activity prior to testing the metabolism of a new chemical entity.
This article has not been copyedited and formatted. The final version may differ from this version. 
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